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(54) Device and method lor separating components of a fluid sample 



(57) A device and method for separating heavier 
and lighter fractions of a fluid sample. The device in- 
cludes a flexible collapsible inner container disposed 
within a substantially rigid outer container. A closure 
seals the open top end of the outer container. A filter 
assembly is sealingly mounted to the open top end of 
the inner container. The filter assembly further includes 
a filter support having a slit valve registered with the fil- 
ter. The slit valve opens in response to fluid pressure 
created by the lighter fractions for permitting the lighter 
fractions to flow therethrough. A fluid sample is deliv- 
ered to the inner container and the device is subjected 
to centrifugation whereby the centrifugal load causes 
the filter assembly to move toward the bottom end of the 
outer container and thereby enable the lighter fraction 
of the fluid sample to flow through the slit valve and into 
the space between the inner and outer conatiners. The 
slit valve closes upon termination of the centrifugal load 
such that separation between the heavier and lighter 
fractions of the fluid sample are maintained. 
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D scription 

BACKGROUND OF THE INVENTION ' 

1. Field of th Invention. ■ 5 

[0001] This invention relates to a device and method 
for separating heavier and lighter fractions of a fluid 
sample. More particularly, this invention relates to a de- 
vice and method for collecting end transporting fluid 
samples whereby the device and fluid sample are sub- 
j cted to centrif ugation in order to cause separation of 
the heavier fraction from the lighter fraction of the fluid 
sample. 

2. Description of Related Art 

[0002] Diagnostic tests may require separation of a 
patient's whole blood sample into components, such as 
s rum or plasma, the lighter phase component, and red 
blood cells, the heavier phase component. Samples of 
whole blood are typically collected' by venipuncture 
through a cannula or needle attached to a syringe or an 
evacuated collection tube. Separation of the blood into 
serum or plasma and red blood ceils is then accom- 
plished by rotation of the syringe or tube in a centrifuge. 
Such arrangements use a barrier for moving into an area 
adjacent the two phases of the sample being separated 
to maintain the components separated for subsequent 
examination of the individual components. 
[0003] A variety of devices have been used in collec- 
tion devices to divide the area between the heavier and 
lighter phases of a fluid sample. 
[0004] The most widely used device includes thixo- 
tropic gel materials such as polyester gels in a tube. The 
present polyester gel serum separation tubes require 
special manufacturing equipment to prepare the gel and 
to fill the tubes. Moreover, the shelf-life of the product is 
limited in that overtime globules may be released from 
the gel mass. These globules have a specific gravity that 
is less than the separated serum and may float in the 
serum and may clog the measuring instruments, such 
as the instrument probes used during the clinical exam- 
ination of the sample collected in the tube. Such clog- 
ging can lead to considerable downtime for the instru- 
ment to remove the clog. 

[0005] No commercially available gel is completely 
chemically inert to all analytes. If certain drugs are 
present in the blood sample when it is taken, there can 
be an adverse chemical reaction with the gel interface. 
[0006] Therefore, a need exists for a separator device 
that (I) is easily used to separate a blood sample; (II) Is 
independent of temperature during storage and ship- 
ping; (iii) is stable to radiation sterilization; (iv) employs 
the benefits of a thixotropic g I barrier yet avoids the 
many disadvantages of placing a gel in contact with the 
separated blood compon nts; (v) minimizes cross con- 
tamination of the heavier and lighter phases of the sam- 



ple during centrif ugation; (vi) minimizes adh sion of the 
lower and higher density mat rials against th separator 
device; (vii) is able to mov into position to form a barrier 
in less time than conventional methods and d vie s; (vi- 
ii) is able to provide a clearer specimen with less c II 
contamination methods and devices; and (ix) can be 
used with standard sampling equipment. 

SUMMARY OF THE INVENTION'. 

[0007] The present Invention is a method and assem- 
bly for separating a fluid sample into a higher specific 
gravity phase and a lower specific gravity phase. Desir- 
ably, the assembly of the present invention includes a 
rigid outer container, a flexible inner container and a fil- 
ter assembly for providing communication between the 
inner and outer containers. 

[0008] The outer container may be a tube having op- 
posed longitudinal ends and a substantially cylindrical 
sidewall extending therebetween. Both ends of the tube 
are substantially closed or closeable. For example, one 
end of the tube may have a permanent closure extend- 
ing unitarity from the cylindrical sidewall of the tube. The 
opposed end of the tube may be substantially open, but 
may receive a needle plerceable resealable closure. Al- 
ternatively, both ends of the tube may be open, and both 
open ends of the tube may be sealed by elastomeric 
closures. At least one of the closures of the tube may 
include a needle pierceabte resealable septum. 
[0009] The inner container may be a flexible collaps- 
ible tubular bag formed from a transparent plastic ma- 
terial. The inner container is disposed within the outer 
container, and in a non-collapsed state may extend sub- 
stantially between the opposed ends of the outer con- 
tainer. However, the inner container, such as the tubular 
plastic bag, is selectively collapsible toward one end of 
the outer container. 

[001 0] The filter assembly comprises a filter that Is op- 
erative to permit blood serum to pass therethrough. 
However, the filter will substantially prevent the more 
dense red blood cells from passing therethrough. The 
filter assembly further includes a filter support in which 
the filter is securely retained. The filter support may 
comprise a cylindrical sidewall having opposed longitu- 
dinal ends. An end wait may extend across one longitu- 
dinal end of the cylindrical sidewall of the fitter support. 
The end wall includes at least one slit valve formed 
therein. The slit valve is disposed at a location on the 
end wall that will substantially register with the filter. For 
example, the fitter may define a substantially thick- 
walled tube retained by the support of the filter assem- 
bly. In this embodiment, the silt valve may define arc 
sections disposed on portions of the end wail that will 
register with one end of th tubular filter. In oth r em- 
bodiments, the filt rmay effectively def in a continuous 
cylindrical plug that is securely ngaged within the filter 
support. In this embodiment, the slit valve can tak oth r 
configurations, such as a. short diametrically aligned slit 
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in the circular end wall. 

[0011] In all embodiments, the filter assembly is di- 
mensioned to be slidably moveable within the outer con- * 
tainer. Additionally, the filter assembly and the flexible 
inner container define a secure fluid tight connection 
therebetween. For example, a tubular plastic bag defin- 
ing the flexible inner container may have portions adja- 
cent the open end disposed between the filter and inner 

' surface areas of the filter support. 
[0012] In use, a fluid sample enters the assembly by 
needle. The needle penetrates through the resealable 
closure and Is urged into communication with the interior 
of the flexible inner container. The sample is then direct- ( 
ed into the flexible innercontainer. The assembly is then 
placed in a centrifuge such that the filter assembly is at 
a radially inner position relative to the fluid sample within 
the flexible inner container. The centrifuge then is oper- 
ated to place a centrifugal load on the assembly. The, 
centrifugal load causes the more dense phase liquid to 
move outwardly relative to the axis of rotation of the cen- 
trifuge, and simultaneously causes the less dense 
phase liquid ( to move into locations closer to the axis of 

• rotation of the centrifuge. The centrifugal load also caus- 
es the filter assembly to move away from the axis of ro- 
tation of the centrifuge. As a result, the less dense phase 
liquid is urged into the filter. The centrifugal load also 
causes the less dense phase liquid to open the slit valve 
sufficiently for the serum to flow out of the flexible inner 
container and into the space between the inner and out- 
er containers. The outflow of the less dense phase liquid 
from the inner container causes the walls of the flexible 
inner container to collapse gradually, thereby decreas- 
ing the volume of the inner container. Simultaneously, 
there is a corresponding increase in the volume be- 
tween the inner and outer containers as the less dense 
phase liquid flows through the filter assembly. After suf- 
ficient centrifugation, substantially alt of the less dense 
phase liquid will have passed through the filter assem- 
bly. However, the filter prevents a flow of the more dense 
phase liquid therethrough. As a result, the more dense 
phase liquid are retained within the inner container, 
while the less dense phase liquid is retained in the space 
between the inner and outer containers. Additionally, 
upon termination of the centrifugal load, the less dense 
phase liquid disposed in the space between the inner 
and outer containers will not be subjected to any forces 
that would cause the less dense phase liquid to migrate 
back across the filter assembly and into the inner con- 
tainer. As a result, the two phases of the fluid sample 
may be removed separately from their respective con- 
tainers and analyzed in a laboratory. 
[0013] The assembly of the present invention is ad- 
vantageous over existing separation products that use 
gel. In particular the assembly of the present invention 
will not interfere with analytes as compared to gels that 
may interfere with analytes. Another attribute of the 
present invention is that the assembly of the present in- 
vention will not interfere with therapeutic drug monitor- 



ing analytes. 

[0014] Another notable advantage of the present in- 
vention is that fluid specimens are not subjected to low 
density gel residUalsthat are at times available in prod- 

5 ucts that use gel. 

[0015] A further attribute of the present invention is 
that there is no interference with instrument probes. 
[0016] Another attribute of the present invention is 
that samples for blood banking tests are more accepta- 

10 ble than when a gel separator is used. 

[0017] Additionally, the assembly of. the present in- 
vention does not require any additional steps or treat- 
ment by a medical practitioner, whereby a blood or fluid 
sample is drawn in the standard fashion, using standard 

15 sampling equipment. 

DESCRIPTION OF THE DRAWINGS 

[0018] FIG. 1 is perspective view of the assembly of 
so the present invention. 

[0019] FIG. 2 is a cross-sectional view of the assem- 
bly of FIG. 1 taken along line 2-2 thereof and showing 
a needle depositing a sample of fluid into the assembly. 
[0020] FIG. 3 Is a cross-sectional view of the assem- 
25 bly of FIG. 1 taken along line 2-2 thereof, showing the 
assembly at an intermediate stage of a centrifugation 
process. 

[0021] FIG. 4 is a cross-sectional view of the assem- 
bly of FIG. 1 taken along line 2-2 thereof, showing the 

30 assembly after completion of centrifugation. 

[0022] FIG. 5 is a perspective view of the flexible inner 
container and the filter assembly of the assembly. 
[0023] FIG. 6 is across-sectional view of the container 
and filter assembly of FIG. 5 taken along line 6-6 thereof . 

35 [0024] FIG. 7 is a cross-sectional view of the container 
and filter assembly of FIG. 5 taken along 6-6 thereof, 
but showing an alternate container assembly. 
[0025] FIG. 8 is a cross-sectional view of the container 
and filter assembly of FIG. 6 taken along 6-6 thereof, 

40 but showing an alternate container assembly. 

DETAILED DESCRIPTION 

[0026] The present invention is illustrated in FIGS. 1 -4 
^5 wherein assembly 1 0 includes an outer container 1 2, an 
inner container 14, a closure 16 and a filter assembly 18. 
[0027] Outer container 12 is a rigid clear plastic or 
glass tube having an open top 20, a closed bottom 22 
and a cylindrical sldewail 24 extending between top 20 
so and bottom 22. Cylindrical sidewall 24 defines an inside 
diameter "a" as shown in FIG. 1 . 
[0028] Inner container 1 4 is formed from a flexible and 
collapsible clear plastic material that is substantially im- 
pervious to fluid. Inner container 14 has an op ntop nd 
55 26, a closed bottom end 28 and a fl xibl collapsibl 
sid wall 30 extending th rebetw en. 
[0029] Closure 16 is formed from an elastomeric ma* 
t rial and includes an outer skirt 32 dimension d for 
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sealed telescoped engagement over portions of cylin- 
drical sidewall 24 of outer container 12 adjacent open 
top 20 thereof. Additionally, closure 16 includ s a plug, 
portion 34 dimensioned for sealed engagement within 
open top 20 of outer container 12. The center region 36 5 
of closure 16 is recessed and defines a resealable sep- 
tum through which a needle cannula 38 can be inserted. 
Upon removal of needle cannula 38, septum portion 36 
will reseal itself. ' 

[0030] Filter assembly 18 includes a filter 40 and a 
filter support 42. Filter 40 is formed from a material that 
will permit the less dense phase liquid to pass there- 
through, while substantially preventing the more dense 
phase liquid to pass therethrough. Filters with these per- 
formance specifications are commercially available and 
are marketed, for example, by Becton Dickinson as an 
Auto ISO-filter. 

[0031] As shown fn FIG. 6, filter 40 is a substantially 
thick-walled tubular shape and includes an inner circum- 
f rential surface 44 defining an inside diameter b and 
an outer circumferential surface 46 defining an outside 
diameter c. Filter 40 further includes'a top end 48 and 
an opposed bottom end 50. 

[0032] Filter support 42 is unitarily molded from a ther- 
moplastic material and includes an outer cylindrical 
sidewall 52 having an inside diameter c' which is sub- 
stantially equal to outside diameter c defined by outer 
circumferential surface 46 of filter 40. Additionally, outer 
cylindrical sidewall 52 defines an outside diameter a* 
which is slightly less than inside diameter "a" defined by 
cylindrical sidewall 24 of outer container 12. Relative di- 
mensions of the outer cylindrical sidewall 52 of filter sup- 
port 42 and cylindrical sidewall 24 of outer container 12 
enable filter assembly 18 to move slidably within outer 
container 12. 

[0033] Fitter support 42 further includes a generally 
circular top wall 54 extending substantially continuously 
across an end of cylindrical sidewall 52 of filter support 
42. Top wall 54 is characterized by a pair of slit valves 
56 extending arcuately at a location on top wall 54 that 
registers with top end 48 of filter 40. Slit valves 56 remain 
substantially closed in an unbiased condition of top wall 
54. However, in response to fluid forces exerted on top 
wall 54, the thermoplastic material of top wall 54 adja- 
cent slit valves 56 will deform sufficiently to permit fluid 
flow therethrough. Top wall 54 is further characterized 
by a short inner cylindrical wall 58 extending downward- 
ly therefrom and concentrically within outer cylindrical 
wall 52. Inner cylindrical wall 58 defines an outside di- 
ameter approximately eq ual to inside diameter b of inner 
circumferential surface 44 of filter 40. With this construc- 
tion, filter 40 is effectively trapped between outer cylin- 
drical wall 52 and inner cylindrical wall 58. 
[0034] Filter support 42 further includes an annular 
bottom lip 60 extending inwardly from the end of outer 
cylindrical wall 52 opposit circular top wall 54. Lip 60 
functions to r tain filter 40 between lip 60 and top wall 
54. Lip 60 may initially define a cylindrical extension of 



out r circumferential wall 52, and subs quentlymaybe 
formed inwardly' as explained herein. 
[0035] Filter assembly 18 Is assembl d by slidably in- 
serting tubular filter 40 into the end of filter support 42 
opposit top wall 54. Portions of inn r container 14 ad- 
jacent open top end 26 are positioned adjacent portions 
of bottom end 50 of filter 40 adjacent outer circumferen- 
tial surface 46 of filter 40. The end of outer cylindrical 
wall 52 of filter support 42 opposite top wall 54 there- 
ofthen Is deformed inwardly to define lip 60. As a result, 
filter 40 is securely retained in filter support 42 and inner 
container 14 is securely engaged with fitter assembly 
18. 

[0036] Assembly proceeds by sliding inner container 
14 and filter assembly 18 into open top 20 of outer con- 
tainer 12. Container assembly 10 then is enclosed by 
sealingly mounting closure 16 onto open top 20 of outer 
container 12. 

[0037] As shown in FIG. 2, a liquid sample is delivered 
into inner container 14 by needle 38 that penetrates 
through resealable septum portion 36 of stopper 16 and 
through portions of top wall 54 of filter support 42. For 
purposes of Illustration only, the liquid sample is blood. 
The sample of blood then is deposited into the inner con- 
tainer 14, as shown in FIG. 2, and is isolated from the 
space between inner container 14 and outer container 
12. Upon removal of needle 38, septum portion 36 of 
closure 16 reseals itself. 

[0038] Assembly 10 next is placed in a centrifuge 
such that top end 20 of outer container 121s closer than 
the bottom end 22 to the axis of rotation of the centrifuge. 
The centrifuge than is operated to create centrifugal 
loading on blood sample 62. As shown in FIG. 3, the 
centrifugal loading urges the filter assembly in the direc- 
tion indicated by arrow "A" toward bottom end 22 of out- 
er container 12 and simultaneously generates a sepa- 
ration of the respective phases of the blood sample 62 
in accordance with their densities. More specifically, red 
blood cells of blood sample 62 move away from the ro- 
tational axis of the centrifuge and toward closed bottom 
end 28 of inner container 14. Simultaneously less dense 
serum moves toward the rotational axis of the centrifuge 
and away from closed bottom end 28 of inner container 
14. The centrifugal loading that causes this separation 
of the red blood cells 64 and serum 66 and that causes 
the movement of filter assembly 1 8 within outer contain- 
er 12 urges serum 66 through filter 40 also creates bi- 
asing forces on portions of top wall 54 in proximity to slit 
valves 56. This loading deflects top wall 54 at slit valves 
56 into an open condition that permits the flow of serum 
through slit valves 56 and into the space between inner 
and outer containers 14 and 12 respectively. After suf- 
ficient centrifugatlon, only red blood cells 64 will remain 
within inn r container, and substantially all of serum 66 
that had been in the initial blood sample will lie between 
inner and outer contain rs 14 and 12 respectively as 
shown in FIG. 4. The c ntrif uge th n is stopped, and top 
wall 54 resili nt r turns to an unbiased condition in 
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which slit valves 56 close. Closure 16 then can be sep- 
arated from open top 20 of outer container 12 to enable 
serum 66 to be separated and to subsequently enabl 
access to red blood cells of the blood sample that are' 
isolated within inner container ;14. 
[0039] An alternate assembly 70 in accordance with 
the present invention is shown in FIGS. 7 and 8. Assem- 
bly 70 includes a substantially rigid clear plastic or glass 
outer container 72, a flexible collapsible inner container 
74, a closure 76 and a filter assembly 78. 
[0040] Outer container 72 concludes an open top end 
80, an open bottom end 82 and a rigid cylindrical side- 
wall 84 extending therebetween. Sidewall 84 may define 
an inside diameter substantially the same as the inside 
diameter of the sidewall 24 of the first embodiment. 
[0041] Inner container 74 includes an open top end 
86, an open bottom end 88 and a flexible sidewall 90 
extending therebetween. 

[0042] Closure 76 is substantially identical to closure 
16 described and illustrated above. Additionally, filter 
assembly 78 is structurally and functionally very similar 
to filter assembly 18 described and illustrated above. 
More particularly, filter assembly 78 includes a filter 90 
and a filter support 92. Filter 90 is a substantially solid 
cylindrical plug, as compared to the tubular filter of the 
previous embodiment. Filter support 92 includes a cy- 
lindrical outer sidewall 94 that surrounds filter 90 and a 
circular top wall 96 that extends acr6ss the continuous 
circular top end of filter 90. Top wall 96 does not include 
a downwardly depending short cylindrical inner wall 
comparable to the cylindrical inner wall of the first em- 
bodiment. Thus, the circular top end of filter 90 can abut 
circular top wall 96 of filter support 92. Top wall 96 in- 
cludes at least one slit valve 98 that is comparable to 
the slit valves 56 described and illustrated with respect 
to the first embodiment. However, In view of the contin- 
uous solid cylindrical configuration of filter 90 t slit valves 
98 may be disposed at any convenient locations on top 
wall 96 of filter support 92. Open top end 86 of inner 
container 72 is securely engaged with filter 90 and filter 
support 92 substantially as described above. 
[0043] Assembly 70 further includes a bottom closure 
100 that is securely engaged within the open bottom end 
82 of inner container 12 and the open bottom end 82 of 
the outer container 74. More particularly, bottom closure 
100 is dimensioned to sealingly hold inner and outer 
container 74 and 72 respectively with one another at 
their open bottom ends. Bottom closure 100 includes a 
resealable septum 102 which is structurally and func- 
tionally similar to the resealable septum 36 of the top 
closure 16 described and illustrated above. 
[0044] Assembly 70 is used by initially depositing a 
sample of blood into inner container 72 by passing a 
ne die cannula 38 through septum 102 of bottom clo- 
sure 100 and placing the blood sample in in ner contain r 
72. The assembly th n is c ntrifuged substantially as 
described above. The c ntrifugation will caus filter as- 
sembly 78 to slidab ty move within outer container 74 and 
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away from top closure 76. Simultan ously, the centrif u- 
gatloh will cause red blood cells of the collected blood 
• sampl e to move toward bottom closure 100, whi I serum 
will be urged toward top closure 76. These centrifugal 

5 loads will caus serum to pass through filter 90 and the 
fluid pressure of the serum will open slit valves 98 such 
that the serum of the blood sample will move into the 
space between inner and outer containers 74 and 72 
respectively. After the respective' phases of the blood 

10 sample have been completely separated, the centrifuge 
Is stopped. The removal of the centrifugal load causes 
slit valves 98 to close, thereby maintaining separation 
between the serum and the red blood cells. Top closure 
76 then is removed to access and remove the serum. 

'5 The red blood cells within the inner container then may 
be accessed for subsequent analysis. 

Claims 

20 

1 . An assembly comprising: 

an outer container having a bottom end, an 
open top end an a substantially rigid sidewall 

25 enclosure extending therebetween; 

an inner container disposed within said outer 
container, said inner container having a bottom 
end in proximity to said bottom end of said outer 
container, an open top end and a flexible col- 

30 lapsible sidewall enclosure extending therebe- 

tween; 

a closure sealingly engaged with said open top 
end of said outer containerfor defining a sealed 
space between said inner and outer containers; 

35 and 

a filter assembly movably disposed within said 
outer container and sealingly engaged with 
said open top of said inner container, said filter 
assembly comprising a filter material that per- 

40 mits less dense phase of a liquid sample to flow 

therethrough and 

prevents more dense phase of a liquid sample 
from flowing therethrough. 

45 2. The assembly of Claim 1 , wherein the filter assem- 
bly further includes a filter support surrounding por- 
tions of said fitter externally of said inner container, 
said filter support including at least one valve that 
is openable in response to fluid pressure thereon 

50 for permitting a flow of said less dense phase liquid 
through said filter assembly and into a space be- 
tween said inner and outer containers. 

3. The assembly of Claim 2, wherein the valve is a slit 
55 valve. 

4. The assembly of Claim 3, wherein said f ilt r is sub- 
stantially tubular and has an inner circumf rential 
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surface, an out r circumferential surface, a bottom 
nd and a top end, said bottom end of said filter and 
said inner clrcumfer ritial surfac thereof b ing In" 
communication with int rior portions of said inner 
container, said filter support including a cylindrical s 
outer wall surrounding and engaging said outer cir- 
cumferential surface of said filter, said filter support 
further having a top wall extending across one end 
of said cylindrical outer wall of said filter support, 
said at least one slit valve being substantially reg- 10 
istered with said top end of said filter. 

5. The assembly of Claim 4, wherein said at least one > 
slit valve comprises a plurality of arcuate slit valves. 

15 

6. The assembly of Claim 4, wherein said filter support 
further comprises an inner cylindrical wall depend- 
ing from said top wall of said filter support and en- 
gaging a portion of said inner circumferential sur- 
face of said filter. 20 

7. The assembly of Claim 4, wherein portions of said 
inner container adjacent said open top thereof are 
seaiingly engaged between said filter and said filter 
support. 25 

8. The assembly of Claim 7, wherein said f ilter support 
further comprises an annular bottom wall extending 
inwardly from portions of said cylindrical outer wall 

of said filter support remote from said top wall, said 30 
bottom wall of said filter support engaging a portion 
of said bottom end of said filter for retaining said 
filter in said filter support. 

9. The assembly of Claim 8, wherein portions of said 35 
inner container adjacent said open top thereof are 
seaiingly engaged between said bottom end of said 
filter and said bottom wall of said filter support. 

1 0. The assembly of Claim 3, wherein said filter assem- 40 
bly comprises a substantially cylindrical fitter having 
substantially circular top and bottom ends and a cy- 
lindrical outer surface extending therebetween, 
said filter being substantially continuous between 
said top and bottom ends and inwardly of said outer 45 
circumferential surface, said filter assembly further 
comprising a filter support having a cylindrical outer 
wall surrounding and engaging said outer cylindri- 
cal surface of said fitter and a circular top wall sub- 
stantially abutting said circular top surface of said so 
filter, said at least one slit valve being formed in said 

top wall of said filter support. 
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